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SUMMARY 


The  goal  of  this  research  was  to  develop  an  improved  understanding 
of  the  high  strain  rate  material  response  of  polymers  by  studying  the 
propagation  of  large-amplitude,  one-dimensional  compression  and  shear 
waves  in  impact-loaded  polymethyl  methacrylate  (PMMA;.  Measurements 
of  in-material  biwaves  provide  a  unique  and  direct  determination  of 
the  dynamic  shear  properties  and  frictional  behavior,  as  well  as  the 
dynamic  compressive  response.  Most  of  the  objectives  were  success¬ 
fully  completed,  as  discussed  below. 

Experimental  techniques  were  designed  and  developed  to  permit 
measurement  of  large-amplitude  shear  waves.  Unlike  uniaxial  strain 
compression  measurements,  accurate  measurements  of  shear  wave  profiles 
are  quite  difficult  for  two  reasons:  first,  the  very  nature  of  shear 

wave  measurements  makes  it  difficult  not  to  perturb  the  measurement  in 

* 

the  region  of  interest  and  second,  the  amplitudes  of  the  shear  waves 
are  considerably  smaller  (a  few  percent)  than  those  of  the  compression 
waves.  We  have  been  successful  in  measuring  the  shear  particle  velo¬ 
city  at  the  impact  surface  and  in  the  sample  interior.  Although  both 
these  measurements  are  unique,  we  emphasize  the  impact  surface  measure¬ 
ment.  Without  this  measurement,  the  initial  conditions  for  the  experi¬ 
ment  are  not  completely  specified,  and  the  material  response  cannot  be 

uniquely  determined. 

* 

The  continuity  of  tangential  particle  volocity  is  more  difficult  to 
satisfy  than  the  continuity  of  normal  particle  velocity. 
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The  measurement  of  shear  wave  velocities  permitted  the  first 
determination  of  the  shear  and  bulk  modulus  in  the  shocked  state. 

These  moduli  have  been  measured  to  density  compressions  of  approxi¬ 
mately  18%.  Over  this  range,  the  shear  modulus  increases  linearly 
in  contrast  to  the  bulk  modulus,  which  increases  in  a  nonlinear  manner. 
The  bulk  modulus  versus  density  data  were  integrated  to  provide  the 
mean  stress-volume  relation  corresponding  to  the  longitudinal  stress- 
volume  states  under  shock  loading.  Our  results  show  that  the  use  of 
a  static  hydrostat  (as  is  commonly  done)  is  invalid.  Instead,  a 
rate-dependent  relation  needs  to  be  used. 

The  shear  wave  profiles  measured  at  several  gage  locations  in 

the  sample  were  integrated  (using  a  Lagrangian  analysis  for  compres- 

* 

sion  and  shear  waves  )  to  provide  shear  stress-strain  response  in  the 
shocked  state.  These  results  are  the  first  of  their  kind  and  provide 
an  important  constraint  on  the  shear  (or  deviator)  response  of  the 
material.  In  contrast,  the  uniaxial  strain  results  depend  only  on 
the  compressive  stress  (mean  stress  plus  stress  deviators)  and  cannot 
be  used  to  uniquely  fit  a  material  model.  (The  shear  stress-strain 
results  showed  that,  even  at  20  kbar  compressive  stress,  the  PMMA  can 
sustain  large-amplitude  shear  waves.) 

Although  the  results  of  this  work  have  provided  many  new  pieces 
of  information,  this  work  is  only  a  start.  Further  experimental  and 
analytic  work  needs  to  be  done  on  PMMA  to  better  understand  and  model 
the  response  of  at  least  one  material  somewhat  completely  under  shock 
* 

Y.M.  Gupta,  paper  in  preparation. 
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loading.  In  particular,  the  temperature  measurements  reported  by 
Bloomquist  and  Sheffield  [J.  Appl.  Phys.  5_1,  5260  (1980)]  need  to  be 
reconciled  with  the  shear  wave  data. 

A  paper  describing  the  work  accomplished  during  the  past  12 
months  is  being  prepared  and  will  be  submitted  to  the  Journal  of 
Applied  Physics  in  the  near  future. 

The  technical  support  of  D.  Henley,  D.  Walter,  and  A.  Urweider 
throughout  this  research  project  is  gratefully  acknowledged.  B.  Y. 
Lew  is  thanked  for  her  programming  assistance  in  all  the  data  reduc¬ 
tion  and  analyses.  Discussions  with  M.  C.  Cowperthwaite  were  helpful 
in  developing  the  Lagrangian  analysis. 
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